Background and aims A changing climate in the future with more severe drought events will affect the conditions for forest growth and vitality. Most knowledge on tree species response to drought is based on monocultures, even though many of the forests in the world consist of mixed stands. We aimed to investigate how trees respond to summer drought when grown in a three species mixture. Methods For two subsequent summers canopy throughfall, and subsequently soil water potential, was reduced using sub-canopy roofs in monocultures and mixtures of Betula pendula, Alnus glutinosa and Fagus sylvatica,. Results The overyielding of the mixed stand was not affected by the drought using either above or below ground production, standing fine root biomass or soil respiration as parameters. However, Alnus glutinosa was the most negatively affected when growing in monoculture, whereas this species was less affected when growing in mixture. In contrast, Betula pendula was most negatively affected when growing in mixture. Fagus sylvatica was least affected by the drought and maintained growth over the two years. Conclusions A water demanding species as Alnus glutinosa can perform well in a mixture during drought and not be outcompeted. This is opposite to what is assumed in most models of forest responses to climate change.
Introduction
Climate models suggest that extreme events of drought will increase in many parts of the world (IPCC 2014), which will affect production as well as health of terrestrial ecosystems. Commonly drought reduces tree productivity (Breda et al. 2006) , or may result in tree death due to carbon starvation or hydraulic failure (Breda et al. 2006; McDowell 2011) . The 2003 drought in Europe reduced gross primary production by 30 % across the continent (Ciais et al. 2005) , and strongly reduced CO 2 sequestration in tree stands throughout Europe (Breda et al. 2006) . In grasslands, higher species richness has been found to be correlated with high resistance to and resilience after disturbance, such as drought (Loreau et al. 2001; Tilman and Downing 1994) . For trees, drought effects have been studied extensively on individual tree species, and has shown that drought decreases growth and increases the sensitivity to insect attacks and diseases, thus increasing the likelihood of tree death (Mattson and Haack 1987) . How tree species grown in a mixture react to drought is less clear (DeClerck et al. 2006; del Rio et al. 2014; Pretzsch et al. 2014; Zapater et al. 2013) .
Many studies have shown that mixtures have a higher productivity than single species stands, known as overyielding (Loreau et al. 2001; Tilman and Downing 1994; Forrester 2014; Forrester et al. 2006b; Kelty 2006; Zhang et al. 2012; Jacob et al. 2013) . Overyielding is linked to two mechanisms. (i) Spatialtemporal differences in growth can increase the access to resources (competitive production principle (Vandermeer 1989) ) and (ii) species may improve the environment experienced by another species (the facilitative production principle (Vandermeer 1989) ). Both the spatial and temporal differences between species, as well as the facilitation of other species in a mixed stand, may be affected by a stress factor such as drought. In mixed stands there could be complementary effects due to different root depths leading to more efficient uptake of water or facilitation effects via hydraulic lift of water from deep layer (Lebourgeois et al. 2013; Neumann and Cardon 2012) . However, drought can also lead to a decrease in overyeilding as a complementary effects driving the overyielding may decrease in importance when growth is water limited (Forrester 2014) . If a mixed stand for example is over yielding due to complimentary effects in light absorption, this may disappear under competition for water. Under competition for water photosythesis will be limited by stomatal conductance to CO 2 rather than light. Thus increased overyielding due to drought events is most likely to occur in stands which growth is normal limited by water (Lebourgeois et al. 2013) . This might explain the large variation in response in overyielding due to drought events. In a two species mixture of Fagus sylvatica and Picea abies, (Pretzsch et al. 2012 ) and in mixtures of up to 4 conifer species (DeClerck et al. 2006 ), a decrease in overyielding during years with drought was shown, whereas in a mixture of Picea abies, Fagus sylvatica and Quercus petraea (del Rio et al. 2014 ) an increase in overyielding was shown. However, these studies have been restricted to determination of the effects of drought on the above ground biomass. Investigations of effects on belowground parameters are rare, even though the alteration of the root production, root biomass and root:shoot ratio are important means of adjustment to altered soil moisture levels (Osunubi and Davies 1981) . To increase the ratio between water absorbing and transpiring surfaces, tree species adapted to more xeric conditions tend to have higher root:shoot ratios (Joslin et al. 2000) . However, results in monocultures for both seedlings and mature trees grown under experimentally altered moisture regimes, or studied along moisture gradients, are again contradictory (Meier and Leuschner 2008; Pronk et al. 2002; Thomas 2000) . Two general trends were shown: (i) an increase of root biomass in response to drought has mostly been observed in conifer species (Gower et al. 1992; Parker and Van Lear 1996) , which are known to differ in their root growth strategies from deciduous broad-leaved trees (Bauhus and Messier 1999) , (ii) a decrease of root biomass occurs in European deciduous tree species in response to drought (Chiatante et al. 2006; Fort et al. 1998) . Fagus sylvatica has, however, been found to sustain or even increase root growth in the upper soil layers during drought (Mainiero and Kazda 2006) .
The growth of neighbouring species can affect species traits, which aid adaptation to drought. For example, Fagus sylvatica has a deeper root system with higher specific root length when growing in mixture with Picea abies, than when growing in monoculture (Bolte and Villanueva 2006) . Bolte and Villanueva (2006) suggest that a deeper root system will affect the capacity of Fagus sylvatica to acquire water and maintain carbon assimilation during drought. Thus, the relative sensitivity of a species to drought can be different when growing in mixture as compared to growing in monocultures (Grossiord et al. 2014) .
Understanding the strategies of individual species, in response to drought, and how they interact in mixed stands during drought, is essential when trying to model response to drought at an ecosystem level (van der Molen et al. 2011; Zapater et al. 2013) .
In this study, we examined both the above and belowground responses of Silver birch (Betula pendula), European beech (Fagus sylvatica) and Common alder (Alnus glutinosa) to drought when grown as single species stands and as a mixture of the three species. Many studies of the effects of drought on temperate forest tree species have used Fagus sylvatica (Granier et al. 2007; Meier and Leuschner 2008; Peuke et al. 2002) , however, studies on Betula pendula (Aspelmeier and Leuschner 2006; Ranney et al. 1991; Zapater et al. 2013) and Alnus glutinosa (Schrader et al. 2005) are rare. These species were chosen, as they represent different functional groups. Alnus glutinosa is an N-fixing, water-demanding pioneer species, with high juvenile growth rates (Braun 1974) . Betula pendula is a lightdemanding, early successional species with fast juvenile growth (Fischer et al. 2002) . Lastly, Fagus sylvatica is shade tolerant and slow growing when juvenile (Ellenberg 1996) , can persist in the understory, and often dominates late successional forests.
We used a sub-canopy roof to reduce throughfall input for two summer seasons, and measured changes in above and below ground biomass as well as soil respiration. We hypothesise that: (i) As water is probably not normally limiting growth, the overyielding in the mixed stand should decrease during drought and (ii) that interspecific competition alters the relative resistance of species to drought as compared to when grown in monoculture. (iii) This leads to that in the mixed stands different species may contribute to overyielding under drought than in the control.
Materials and methods

Study site
The Bangor DIVERSE experimental site was established at Henfaes Research Centre, Bangor University, North Wales, UK (53°14′ N, 4°01′W) in March 2004 on two fields with a total area of 2.36 ha. Soils are fine loamy brown earth over gravel (Rheidol series) and classified as Fluventic Dystrochrept in the USDA system (Smith et al. 2013) . Soil texture was 48.2 ± 1.3 % sand, 33.6 ± 0.9 % silt and 18.2 ± 2.1 % clay, determined by laser diffraction (Coulter LS particle size analyser). The soil pH is 5.4 in the 0-10 cm layer increases to 6.3 at 100 cm soil depth. Climate at the site is classified as hyperoceanic. Estimates of annual precipitation at the site were obtained from a nearby weather station. In 2010, the total rainfall was 710 mm, of which 348 mm (49 %) fell during the period the roofs were on. Precipitation was less in 2011, with 652 mm during the whole year, and with 261 mm (40 %) falling during the period the roofs were on (Weathelab Limited Chelmsford, UK).
The experimental plots, 4 roofed and 4 controls were blocked in the two fields, two replicates in each field, creating a 2 × 4 factorial block design. In the investigation, three tree species (Alnus glutinosa [L.] Gaertner, Betula pendula Roth. and Fagus sylvatica L.) were used due to their contrasting shade tolerance, successional chronology and to represent a range of taxonomic, physiological and ecological types. A replacement series design (with inter-tree spacing constant between treatments) was selected because of the experiments objective of being realistic in reflecting the practical realities of how forests comprising monocultures or mixtures of potential canopy tree species could be established (Jolliffe 2000) . The site was planted with 60 cm saplings of each species with inter-tree spacing of 0.8 m, giving a density of 18,042 trees ha −1
. A systematic hexagonal planting design (Aguiar et al. 2001 ) was used to maximise the mixing effect so that, in the threespecies polyculture sub-plots, each tree was surrounded by nearest neighbours of two-conspecific individuals and one and three individuals of the other two species respectively, resulting in each tree having six equidistant neighbours. Each plot was divided into seven planting compartments, and planted in a pattern creating areas of one, two and three species mixtures (Smith et al. 2013 ). The present study makes use of observations originating from three single species sub-plots containing nine trees of B. pendula, A. glutinosa and F. sylvatica, and a fourth sub-plot which contained a species balanced polyculture of all three species. In the single species plots, the 9 core trees of each subplot were used, in the mixed subplot, 12 additional trees were included for above ground biomass to obtain 7 replicates of each tree species (Fig. 1) . The planting pattern of each pair of control and roof plots was rotated by 90°to avoid potential artefacts introduced by microclimate, soil and uneven growth rates of the different species.
Transparent plastic roofs were mounted between the tree rows on a wooden frame in the 4 plots (Fig. 1) . It was constructed such that the soil around the nine core trees was covered, and surrounded by 33m 2 of roofed area in a 2.4 m buffer zone around the subplot. The roof was 0.4-0.7 m above the soil surface with the highest part along a ridge. The ridge ensured that water drained into gutters along two sides. The gutters drained into buckets connected to piped outfalls, leading the water at least 10 m from the roof. The roofs covered approximately 70 % of the area leaving open strips along the tree rows. The roofs were on for approximately 5 months from 10th June to the first week of November 2010, and 14th April to 13th September 2011. The unroofed plots acted as controls.
Monitoring
After the roofs were mounted, soil moisture and temperature probes were buried at 5 cm depth in the middle of each plot (in total 4 under roof and 4 in the controls) (in the Fagus sylvatica-Alnus glutinosa mixture, marked BTDR^in Fig. 1 ), and data logged every 15 min during the experiment (5TM temperature and water content, Decagon Devices, Washington).
The below canopy precipitation was estimated using collectors with a surface area of 0.14m 2 which were placed under Alnus glutinosa, Betula pendula, Fagus sylvatica and the mixed stand in the two former control plots of the FACE-experiment situated in the center of each site (Smith et al. 2013) . The above canopy precipitation was estimated using similar collectors in an open field next to the plots. The 10 collectors were emptied after rain events from May to December 2011.
Biomass estimation
Tree basal area was measured at 1.3 m height (DBH) in March and at the beginning of November 2010 and April, September and the beginning of December 2011. The measurements of diameter were converted to biomass using algometric equations based on trees of the same age at the same site (Ahmed 2011). At the beginning of the experiment, the total aboveground biomass of the mixed plots used for the drought treatment was 18 % smaller than in the plots used as the controls, although not statistically significant (Fig. 3) . It has been shown that there is a positive correlation between the biomass of individual trees and their growth rate as young trees (Quicke et al. 1994 ). This positive correlation suggests that, even if no treatment were applied, trees in the drought plots would have grown slower than those in the control plots. To compensate for the expected difference in growth rates due to the lower initial biomass of the trees in the drought treatment plots, we calculated the expected growth of the drought treated stand based on the same initial biomass as in the control plots. To do this we first calculated the relationship between growth and standing initial biomass for the individual tree species in the mixed drought treated stand. We then applied the relationship between growth and standing initial biomass of the drought treated trees to the standing initial biomass of the trees in the control plot. To treat the control in the same way, we calculated the relationship between growth and standing initial biomass in the control plots. This relationship was then applied to the initial biomass of the trees in the control stands. Regression parameters for the individual species in the mixed stands of both drought and control stands are presented in table S1.
To measure root biomass soil cores (ø = 8 cm) were taken to 30 cm, and divided into at 0-10, 10-20 and 20-30 cm soil depths, in March, August and October in 2010, and July and end November in 2011. The samples were taken within the square of trees measured. Sampling positions were distributed over the three quarters around the central tree avoiding the quarter where soil respiration was measured. Soil samples were analyzed for the dry weight of fine roots <2 mm, as well as percentage soil moisture. Root production was measured by inserting nylon root nets (Normesh, Lancashire) (Lukac and Godbold 2010) . The 1 mm mesh nets were 10 cm wide, and were inserted to a depth of more than 10 cm under the roofs and in the controls. In each subplot, five root nets were inserted on the 2nd March 2011. They were harvested by cutting out a soil block around the net on the 16th May, 25th June, 7th August, 13th September and 26th October 2011. The soil was gently removed and the roots were cut to 1 cm on each side of the mesh (Lukac and Godbold 2010) . Roots from the nets were washed, dried at 70°C and weighed.
Soil respiration
From 8th July 2010 until 22nd November 2011, soil respiration was measured in each subplot of Alnus glutinosa, Betula pendula, Fagus sylvatica and mixed stands, in the controls and under the roof. From midApril 2011, soil respiration was also measured in the gap in between the roofs. The respiration was measured every time at the same point which was equidistant from the three surrounding trees. Measurements were made every second week except during the 9th December 2010 to 2nd February 2011, when soil temperature was mostly under 4°C, and partly covered with snow. Soil respiration was measured for 2 min, with a closed chamber system, using a black chamber with the diameter of 31 cm and a volume of 8 dm 3 connected to an IRGAR analyser EMG (pp-systems, Amesbury, USA) (Pumpanena et al. 2004) . After the first year of simulated summer drought, soil samples were taken for measurements of heterotrophic soil respiration. In March, before bud break, four samples to 5 cm soil depth were merged to one composite sample for each stand. The soil was sieved through a 2 mm sieve and 2 g was placed in a 10 ml vial. The capsules were incubated for 1.5 h and CO 2 concentration in the head space was then analyzed on a Gas Chromatograph (Varian-450 GC, Agilent, Santa Clara).
Calculations and statistics
Differences in soil temperature and moisture was tested using independent t-tests and one-way ANOVA. Differences between stands before the experiment was tested with a two-way ANOVA blocked for the two fields. Differences between treatments in growth was tested for each species/mixture using t-tests. Species effect was tested with paired t-test. Effects of treatments on root biomass was tested using a three way ANOVA with soil depth, treatment and species as factors. Turnover of roots was tested with the Mann-Whitney test. Differences between measured and estimates growth for the mixed stands, between years and soil respiration between stands was tested using a paired t-test.
Results
Soil moisture and temperature
The precipitation measured using the open field collectors was ca. 116 % of that determined by the weather station for the same period. The percentage of precipitation that was intercepted during the time the roofs were on was for Fagus sylvatica 52 %, Alnus glutinosa 46 %, Betula pendula 48 % and 55 % in the mixture. With the roof construction allowing air circulation under the roof, the soil temperature was the same in both the roof and control soil. Soil moisture, on the other hand, was lower in the drought treatment during the time the roofs were on (P < 0.001) (Fig. 2) . The soil moisture under the different species and the mixture, as measured three times a year did not differ except for in August in the second year, when Fagus sylvatica under the roof was drier than Alnus glutinosa under the roof (P = 0.046). and mixed stands (P < 0.001) (Fig. 3) . The biomass in the mixed stands at the beginning of the experiment was higher than predicted from the biomass in the monocultures (P = 0.050) (Fig. 3) , showing an overyielding of 45 %. Alnus glutinosa had the highest biomass in the mixed stand (61 %) followed by Betula pendula (36 %) and Fagus sylvatica (3 %). The biomass of Alnus glutinosa was larger in the mixed stand than in the monoculture. For Fagus sylvatica it was the opposite, with a higher biomass m −2 in the monoculture than in the mixture (P = 0.001), whereas Betula pendula showed no difference in biomass between the monoculture or mixture (data not shown).
After compensating for the initial lower biomass in the drought plots than the control plots at the beginning of the experiment (see methods), there was still significantly lower growth in the drought treatment, as compared to the control in the mixed stand in both 2010 and 2011 ( Fig. 4a and b) . After two summers with the roofs on, the mixed stand and the Alnus glutinosa stand had grown less than the controls (Fig. 4c) . For Betula pendula and Fagus sylvatica there were no significant effects of the roof on growth (Fig. 4 a-c) . The overyielding during the experiment in the mixed stands was, after adjustment for the differences in standing biomass, about 30 % in both the control and drought plots (Table 1 ). In the mixed control, the overyielding was due to Betula pendula growing better in the mixture than in the monoculture (P = 0.118). Under drought however, Betula pendula growth declined in the mixture and Alnus glutinosa became the main contributor to the overyielding in the mixed stand (P = 0.031) (Fig. 5) .
If the two years are compared, both the Alnus glutinosa and the mixed stands (including both drought and control stands) had a lower growth rate in the second year than in the first year (P = 0.017 respectively 0.001) (Fig. 4 a and . In contrast, Betula pendula showed no differences between the years. The growth of the Fagus sylvatica stand tended to be higher in the second year compared to the first year (27 %, p = 0.061). The overyielding of the mixed stand was similar in both years in both the control and drought treatments (Fig. 4 a and b) .
Root production and biomass
The production of fine roots determined with ingrowth nets in 2011 is shown in Fig. 6 . In the control, fine root production began between end of June and the beginning of August in the Fagus sylvatica monoculture and the mixed stand. Fine root production in Alnus glutinosa and Betula pendula was highest in the period 7th August to 13th September. In the drought treatment, almost no fine root production occurred throughout the period that the roof was on. Six weeks after the roofs were removed, on the 26th October, fine root production was detected in the drought plots of Fagus sylvatica and the mixed stand, but only very little in the monocultures of Alnus glutinosa and Betula pendula.
After the first year of drought in 2010, only in Betula pendula was the fine root standing biomass lower in the drought plots compared to the controls ( Fig. 7 and Table S2 ). In the Fagus sylvatica monocultures, fine root biomass was significantly greater under the roofs in August 2010, especially in the upper soil layer (Table.  S2 ). In the second year 2011, fine root biomass was significantly lower under the roofs than in the control for Table 1 Overyielding in above ground growth and fine root biomass (ø < 2 mm) in control and the drought stands at the end of the experiment. Overyielding in mean soil respiration during year 1 and year 2 as well as both years combined. The drought stand is further divided into under the roofs and between the roofs when the gaps were measured. n = 4. n.a = not available
Control
Drought Under Roof In Gap
Above ground growth 31 % 32 % n.a n.a Fig. 6 Root production in control and drought plots of Alnus glutinosa, Betula pendula, Fagus sylvatica and mixed stands of the three tree species in the growing season 2011. Per plot five root nets of 10 cm width were buried to 10 cm soil depth in March and one net harvested at five occasions until end of October. n = 4. Error bars = Standard error. * = p < 0.05, (*) = p < 0.1 both the Alnus glutinosa monoculture and the mixed stand. In the Fagus sylvatica and Betula pendula monocultures, no significant effect of drought was shown, although the fine root biomass of Betula pendula was in on average 51 % lower under drought. In 2011, the root biomass under the gaps in the drought plots was similar to the root biomass in the control. Before the experiment, the overyielding belowground was 18 %. At the end of the second year, the overyielding of fine root biomass was over 22 % in the control and 28 % in the drought treatment taking the gaps into account, but not statistically significantly different (Table 1 , Fig. 7 ). Under the roofs there was 16 % overyielding, whereas in the gaps between the roof segments it was almost twice as high as in the control (41 %) ( Table 1) . Based on the root growth and the standing biomass (mean of July and November), the fine root turnover was calculated. When the roofs were taken off in midSeptember, fine root turnover was in the top 10 cm general lower in drought plots than in the control (P = 0.001), but was not significant different between species. (Table 2 ). At the end of October, fine root turnover was still lower in the drought plots than in the control (P = 0.003), but the difference had decreased in Betula pendula and the mixed stand ( Table 2 ). The rootshoot ratio (fine roots <2 mm and above ground biomass) did not differ between the treatments.
Respiration
Alnus glutinosa had the highest respiration followed by Betula pendula and Fagus sylvatica in both in the controls and the drought plots (P < 0.05). During both growing seasons when the roofs were on, the mean soil respiration for all stands was significantly lower under the roof than in the control (P < 0.001) (Fig. 8 .) The decrease due to drought was largest in Alnus glutinosa (−24 %) and smaller in Fagus sylvatica and Betula pendula (both -18 %). The mixed stand had an intermediate value of 22 %. Respiration in the gaps between the roof segments was similar to the control plots. When the roofs were on, soil respiration in the mixed stands (control and drought) was not different during the first summer from that estimated for the monocultures. In the second year, the control mixed stands had a higher mean soil respiration than would have been estimated from the monocultures (8.5 %, P = 0.005), and continued to be higher after the roofs had been removed (4.26 %, P = 0.015) ( Table 1) . This was also the case for the gaps between the roofs, when the roofs were still on (10.4 %, P = 0.005) and after (16 %, P = 0.089) ( Table 1 ). In the second year, under the roofs, respiration in the mixed stand was not higher than estimated from the monocultures (P = 0.49) (Fig. 8) (Table 1) . For the whole duration of the experiment, soil respiration was 3.4 % higher in the mixed stand controls, than that estimated from the monocultures (P = 0.029), whereas in the drought plots there was no difference (P = 0.935) ( Table 1) . Heterotrophic soil respiration, measured on sieved soil under controlled conditions, showed that there was no significant difference in heterotrophic respiration between the treatments or the different tree species (Fig. S1 ).
Discussion
Soil moisture and interception
Frequent, low intensity precipitation events such as those which occur in northern Wales, result in high canopy interception (Johnson 1990 ). In the work presented here, an average of 50 % canopy interception was determined for the whole stand. Due to the high interception, in 2011 precipitation inputs to the soil due to canopy throughfall were only 130 mm in the controls. The effects of a reduction of throughfall on the trees could be seen in both above and belowground biomass as well as in soil respiration. Between the years, there were also differences in ambient precipitation. During the time the roofs were on, there was 25 % less precipitation in second year (2011) than in the first year (2010) . As between the years the growth of both Alnus glutinosa and the mixed stand was lower in the controls in 2011 than 2010, this suggest that growth in the controls were in 2011 water limited.
Biomass allocation
The response to a decrease in soil moisture content was in the monocultures strongest in Alnus glutinosa for both above and belowground growth. Alnus glutinosa is normally considered as having high soil moisture requirements (Braun 1974) , and to be isohydric, thus closing stomata at mild water stress (McDowell et al. 2008) . Under sub-optimal soil moisture conditions, Alnus glutinosa showed a greater decrease in Cfixation than other Alnus species (Schrader et al. 2005) . Betula pendula followed the same pattern as Alnus glutinosa and has also been considered to be isohydric (Robson et al. 2014) . The decrease in root biomass in Alnus glutinosa and Betula pendula due to drought is in accordance with what is commonly observed in broad leaf species (Chiatante et al. 2006; Fort et al. 1998) . In contrast, Fagus sylvatica in monoculture showed no tendency towards a decrease in biomass. Fagus sylvatica has a low capacity to maintain leaf water potential during drought compared to other temperate tree species, which defines it as an anisohydric species (Rosner 2012) . The less negative effect of water stress on the Fagus sylvatica monoculture in the drought treatment could also be due the relatively large root:shoot ratio of Fagus sylvatica compared to that of Alnus glutinosa and Betula pendula. The pioneer species Betula pendula and Alnus glutinosa had, at the beginning of the experiment 3-4 times larger above ground biomass than Fagus sylvatica. Below ground however, Fagus sylvatica had only about 10 % lower root biomass than Betula pendula and Alnus glutinosa.
In records of natural drought events, Fagus sylvatica has high damage and mortality rates during severe drought events (Granier et al. 2007) . In a comparison of the species Fagus sylvatica appear to be more tolerant to moderate drought then either Alnus glutinosa and Betula pendula, but appears to have lower resistance to severe drought (Köcher et al. 2009; Wiley and Helliker 2012; Zapater et al. 2013 ). The mixed stands had at the start of the experiment a higher biomass than expected based on the monocultures, supporting the idea that mixed stands can better utilize resources than monocultures (Paquette and Messier 2011; Zhang et al. 2012) . During the experiment, the mixed plots overyielded by about 30 % in both the control and the drought treatments (Table 1) . A similar overyielding of 20-30 % has commonly been found in a broad range of temperate and boreal species when grown in two species mixtures , and the global mean of overyielding is 24 % in mixed tree stands (Zhang et al. 2012) . However in stands of Fagus sylvatica and Picea abies, a decrease in above ground overyielding due to drought was found (Pretzsch et al. 2012) , which indicates that site properties affects the overyielding (Forrester 2014) .
During the 2-year growth period, in the control only Betula pendula showed higher growth rates in mixture compared to the single species. In the roofed plots, the growth of Betula pendula in mixture was 60 % of that in the control mixture. For Alnus glutinosa in the mixed plots under drought, growth was not effected. Thus whereas in the mixed species plots of the control overyielding was primarily due to Betula pendula, under low soil moisture overyielding was due to both Alnus glutinosa and Betula pendula. A lower sensitivity to drought by Alnus glutinosa when grown in mixture than in monoculture has also been shown by Schrader et al. (2005) . This reaction pattern is juxtaposed to that suggested from modelling (Bittner et al. 2010) . Bittner et al. (2010) suggested that species that are drought tolerant in monocultures should outcompete drought sensitive species when grown in a mixture, due to more efficient water use. A higher water use efficiency of specific species in mixed stands has been found also in other studies (In Forrester 2015) . Similar to (DeClerck et al. 2006 ), we did not find any evidence that stand resistance to drought was higher in a mixture as compared to monocultures, but that the relative resistance of the individual species changed when grown in mixture as compared to monocultures.
Fine roots
The response of the trees found in this study may be a result of different rooting strategies used by the different species, which been shown is a key factor for trees to tolerate water stress (Zapater et al. 2013) . A clear difference in response of the different tree species to low soil moisture was seen between the years. In the first year, the fine root biomass in Alnus glutinosa and Betula pendula was unaffected or decreased by lower soil moisture, but the fine root biomass of Fagus sylvatica significantly increased. In mature Fagus sylvatica, an increase in fine root biomass primarily in the surface layers was found in response to the natural drought in Europe in 2003 (Mainiero and Kazda 2006) . In the second year, the fine root biomass of Alnus glutinosa and the mixture decreased significantly under lower soil moisture content, but there was no statistically significant response in either Fagus sylvatica or Betula pendula. Many studies have shown that fine root biomass of tree seedlings is relatively insensitive to a decrease in soil moisture content (Joslin et al. 2000) .
In the work presented here, in the gaps between the roof plates a similar fine root biomass was determined to that in the controls. As the gaps were only 30 % of the total surface area, and no compensatory increase in fine root biomass was determined, for the whole rooting area, fine root biomass decreased for Betula pendula, Alnus glutinosa and the mixture, but was only statistically significantly in Alnus glutinosa and the mixture.
Under the roofed areas, root production in the top 10 cm of the soil was strongly supressed by decreased soil water content in all species. In the split root experiment of Fort et al. (1998) fine root growth decreased over time in the dry compartment, but not the wet compartment. We were technically unable to measure root production in the gaps as the area is too small for repeated sampling. But, if it is assumed that the root production in the gaps was same as in the controls, then over the entire roof area, fine root production would be less than half in the drought treatment compared to the control.
As a consequence of the low fine root production, but relatively little change in standing fine root biomass (Table S2) , fine root turnover in the top 10 cm was very low in the drought treatment while the roof was on (Fig.8) . In a stand of mixed broad leaves (Quercus, Acer and Nyssa), Joslin et al. (2000) also showed lower rates of fine root turnover in at lower soil moisture contents also in a throughfall removal experiment. After the roof was removed, and the soil rewetted, fine root production restarted, and fine root turnover could again be determined. Fine root production was shown in all species, but was highest in Fagus sylvatica. The rates of fine root turnover in the rewetting soil did not reach or exceed those found in the control soils for any species, suggesting that there was no suddenly loss of fine roots or decomposition of fine roots as soil moisture contents increased. This in turn suggests that the fine roots survived the period of low soil moisture.
In the control, there were differences in the timing of root growth. In Fagus sylvatica and mixed stand main root growth period was in July whereas for Alnus glutinosa and Betula pendula it was in August. McCormack et al. (2014) also found a large variation in root phenology in a range of temperate trees species, but could find no clear pattern for the timing of root growth in relation to aboveground growth or leaf phenology. The early root growth of Fagus sylvatica may be related to the species being late successional compared to either Alnus glutinosa or Betula pendula. In the mixed stand, root production was, as in the monocultures, supressed by drought, but as in the Fagus sylvatica stand root production in the drought plots increased after the roofs were removed. It is very possible that the Fagus sylvatica drove this recovery in root production in the mixed stand.
An overyielding of 18 % was shown for fine root biomass in the mixed stand at the beginning of the experiment, which remained relatively unchanged in the control (22 %) after 2 years. (Table 1 ). However, in the roof plots it slightly increased to 28 %. A differences in overyielding between the fine roots sampled under the roof strips (16 %) and in the gaps between the roof strips (41 %) was clearly seen. We could not distinguish the contribution of fine roots of the different species to the overyielding in the gaps, but this is clearly an indication of preferential foraging of resource rich soil patches. Exploitation of resource rich patch has often be shown in non-woody plants (Hutchings and John 2004) , but also for water (Eissenstat and Caldwell 1988) and Mg rich patches (Zhang and George 2009) in woody plants.
Soil respiration
Total soil respiration is a mixture of heterotrophic and autotrophic respiration, both of which are usually negatively affected by drought (Burton et al. 1998; Raich and Schlesinger 1992) . In most studies heterotopic respiration has been shown to decline more than the autotrophic respiration under drought (Broken et al. 2006; Wang et al. 2014) , but the opposite has also been found (Carbone et al. 2011; Lavigne et al. 2004 ). In the study presented here, autotrophic and heterotopic respiration were not separated, but as in winter, heterotrophic soil respiration was similar between the stands (Fig. S1 ), in summer, most of the differences in soil respiration between stands was probably due to differences in autotrophic respiration. The higher soil respiration in the Alnus glutinosa stand than in the Fagus sylvatica and Betula pendula stands is a reflection of the larger biomass and growth of Alnus glutinosa as compared to Fagus sylvatica and Betula pendula (Janssens et al. 2001; Raich and Tufekciogul 2000) . The decrease in respiration due to drought was also largest in Alnus glutinosa, which reflects the large negative response on below and above ground biomass by Alnus glutinosa during drought.
Soil respiration in the mixed stands in the first year showed hardly any overyielding. In the second year, there was overyielding of respiration in the control and in the gaps between the roofs, but not under the roofs (Table. 1 ). Dias et al. (2010) showed for grasslands and Forrester et al. (2006a) for forests that the overyielding in respiration was due to the higher productivity in the mixed stands than in the monoculture. The lack of overyielding in autotrophic respiration under the roofs may be due low root metabolic activity, because of preferential allocation of resources to the fine roots in roof gaps in the mixed stands. This shows that the overyielding in soil respiration follows the development of the fine roots both spatially and temporally.
Conclusion
No evidence was found that mixed stands have a higher resistance against drought compared to monocultures. Both above and belowground overyielding were unaffected by lower soil moisture, thus higher stress did not lead to larger facilitation in the mixed stand. However, this does not mean that it is possible to predict the response to drought by mixtures based on the response of the tree species grown in monocultures. Alnus glutinosa the species that reduced growth and respiration most in monocultures under drought had a lesser response to drought in mixture. This shows that the response to stress of a species estimated in monoculture may not be applicable when growing in a mixture, which has considerable implications for estimating the response of mixed forest to climate change.
